Electric DC and AC measurements and dielectric investigations have been carried out on some Plio-Qaternary basalt of Hemat Madam volcano from Sana'a-Amran volcanic field (SAVF). In this article we focus primarily on the field aspects and the main characteristic mineralogical and petrographic features of this inactive volcano. Using DC and AC experimental arrangements we discovered excellent electrical characteristics for this inactive volcano. The results of DC electrical resistivity versus a temperature reveal that all the samples have semiconductor characters. Moreover, the measurements showed that these samples have high resistive extrinsic semiconductors (ρDC ~ 10 9 Ω•m). AC and dielectric measurements were ensured the semi-conductivity and normal dielectric behavior of these samples. AC measurements reveal that the classical barrier hopping model (CBH) is the predominant conduction mechanism, while at low temperature region small polarons may contribute to the conduction in the samples. The samples have low values for dielectric constant ε' and low loss factor tanδ (ε' ~ 27 and tanδ ~ 0.7 at 200 Hz for the sample BA7). Then, the semicodutor behavior, the high values of DC/AC resistivity and low loss dissipation factor considered a very good characterization for magnetic semiconductor materials. So, we can predict that, the studied natural materials represent newborn promising material sciences for many more technological applications.
Introduction
Continental flood basalts represent some of the largest volcanic provinces at the Earth's surface. They have formed sporadically throughout the geological record with the upwelling of the hot spots [1] [2] . On the Arabian plate continental flood basalts cover an area of about 130,000 km 2 throughout Yemen, Saudi Arabia, Jordan and Syria [3] [4] . The Yemen Volcanic Group on the Arabian plate and the Ethiopian Traps on the African plate lie astride the triple junction. The Yemen volcanic age is ranged from Oligocene to Plio-Qaternary [5] [6] . Generally speaking, the Yemen Volcanic Group is predominately a bimodal basalt-rhyolite province with thicknesses in excess 3500 meters, covering about 50,000 km 2 . Quaternary intraplate volcanism north of Sana'a (SanaaAmran Volcanic Field) covers an area of about 800 km 2 ( Figure 1) . The Sana'a-Amran volcanic field (SAVF) is characterized by scoriaceous basalt, but they are slightly different in mineralogical composition from volcano to another one [5] . The Hemat Madam volcano is a part of Sana'a-Amran volcanic field and is located at the intersection of 15˚30'8'' lat. X 44˚8'3'' long ( Figure 1) . It covers about 1.2 km 2 with altitude about 2366 m (a. s. l.). The materials sciences are interested with the characterization of the materials and modify their properties to become more helpful for human uses. We predict an important electrical and dielectrical character to the outcome of this volcano. So, we preferred precession to display these preliminary results of this volcano.
Our main goal of the present work gives rise to the techniques of determination of electrical and dielectrical properties of well-characterized scoriaceous basaltic rock samples. In this article we focus primarily on recent basalt from Hemat Madam Volcano. So far, to our knowledge, we think that this study represents the first time for Plio-Qaternary basalt. In the future, away from the attention of geologists, we will make a confirmatory study on these samples after grinding and adding new elements to it and sintering the samples at high temperatures, after that we will determine the same parameters in details.
Material and Methods

Field Aspects and Petrographic Inspection
Hemat Madam Volcano (1.2 km 2 ) represents an inactive volcano of Plio-Qaternary scoriaceous basalt [5] . It constitutes a minor part of the Sana'a-Amran Volcanic Field (Figure 1) . Hemat Madam Volcano is composed of cinder cone associated with vesicular lava flows and scoria-spatter cone, comprising three main rock types, from the foothills to top ones, namely; olivine basalt, trachybasalt and finally highly vesicular basalt at the top. The prophyritic, glassy and vesicular textures are well preserved within these rocks.
Petrographically, Vesicular basalt or scoria is a highly vesicular (Figure 2(a) ). It is typically dark in color (generally dark brown, blackish gray), and basaltic in composition. The holes or vesicles tend to be rounded to subrounded-shaped. They form when gases that were dissolved in the magma come out of solution as they erupt, creating bubbles in the molten, and may form as part of a lava flow, typically near its surface. Most scoria is composed of glassy materials.
Almost olivine basalt and trachybasalt have porphyritic, glassy and vesicular textures and the phenocysts are generally rather small (less than 1 mm) consisting of olivine, ca-plagioclase and clinopyroxene (Figure 2(b) and Figure 2 (c)) in association with ilmenite and magnetite. The groundmass is composed of cluster aggregates of plagioclase laths and minor crystals of clinopyroxene and opaques. 
Preparation and Measurements
The samples were cut in the form of a parallelogram with a thickness of ≈4 mm and dimensions of 1 cm × 1 cm. They were divided into 3 categories, 1) foothill of the volcano (samples BA3 &BA7), 2) middle part of the volcano (samples BH3 & BH9) and 3) top hill of the volcano (samples KH1 & KH4 & KH7). The chemical composition of the main rock-forming minerals is summarized in Table 1 . These samples were polished to obtain smooth parallel surfaces. For the DC and AC electrical measurements, the polished surfaces of the studied samples were coated with a thin layer of silver paste to ensure good electrical contact. DC electrical resistance was measured by the two probe method on the basis of Ohm's law. The resistance of the sample was determined directly by the digital electrometer (type 617 Keithley). The temperature of the sample has been determined using k-type thermocouple. AC electrical resistivity and dielectric parameters were determined by two probe method using the LCR bridge (Model HIOKI 3532-50 LCR Hi tester). The loss tangent tanδ and the capacitance (C) of the samples were recorded as a function of frequency. The dielectric constant (ε') was calculated using the relation:
where t is the thickness of the sample, A is the area cross section of the sample and 0 ε is the permittivity of free space ( 
where ω is the angular frequency. AC resistivity and dielectric parameters were measured in the frequency range 100 Hz -5 MHz at selected values of temperatures. The electrical and dielectric measurements were carried out in materials science laboratory, Phys. Dept., Fac. Science, KafrelSheikh University, Egypt. Figure 3 represents the variation of DC resistivity (as lnρ DC ) with temperature (as 1000/T) for all the samples. It is noticed that for all samples, the electrical resistivity decreases with increasing temperature. In addition, the samples have a high DC electrical resistivity at room temperature ranged from 10 10 to ~10 11 Ω•cm ( Table 2 ). This behavior of ρ DC (T) for all samples is similar to the behavior of magnetic semiconductor materials, where the conductivity was activated by temperature. The outcome of the studied samples from this volcano contains many chemical components related to its rock-end products, which act as centers of production of charge carriers which contribute in conduction processes. We can suggest that the conduction in these samples may be due to the hopping of localized charge carriers between the two valence states of ions, e.g. where ρ DC is a pre-exponential constant, T is the absolute temperature, k is Boltzmann's constant and E a is the activation energy for conduction. The activation energy for the conduction for all samples were calculated using Equation (3) and given in Table 2 . It is noticed that the values of the activation energy range from 0.42 to 0.67 eV for all the samples which mean that these samples have an extrinsic semiconductors character. The high values of the activation energies are larger than 0.3 eV. These results according to Purushotham [8] and Klinger [9] suggest that in addition to the hopping of charge carriers between valence states of ions in the sites the Polaron hopping shares in the conduction process too. The high resistivity and extrinsic semi-conductive behavior of the studied samples tend to be a newborn important character for more technological applications when low eddy current semiconductor materials are required.
Electrical and Dielectric Results
DC Resistivity
AC Electrical Resistivity
The frequency dependence of AC resistivity at room temperature is displayed in Figure 4 as a ln-log scale. The figure reveals that the values of AC resistivity decrease as the frequency of applied electric field increases. AC resistivity was recorded as a function of frequency at selected temperatures. Figure 5 represents an example for the dependence of ρ AC on the temperature at the selected frequency for BH3 sample. This behavior for AC resistivity confirm the semiconducting character for the samples. The AC conductivity of the semiconductor samples can be written as a power law relation: where ω is the angular frequency, B is a constant having the unit of the conductivity and s(T) is a dimensionless parameter dependent on the temperature and has a value between 0 and 1. The AC conduction mechanism can be predicted from the magnitude of the power (s) as a function of temperature. According to the above equation, the angular frequency parameter (s) was determined from AC conductivity as a function of frequency (lnσ AC = ln (1/ρ AC ) vs. lnf). Figure 6 shows the behavior of (s) with the temperature for all the samples. It is reported that the dependence of s on temperature is a function of the conduction mechanism [10] . Small polarons are usually associated with an increase in s with increasing temperature, while the classical barrier hopping model (CBH) predicts the hopping of localized charge carriers over the barrier when (s) decreases with temperature. From the obtained data, it is suggested that in the low temperature region small polarons may contribute to the conduction, while at higher temperatures classical barrier hopping model CBH may predominate. From Figure 6 we can notice that for sample KH7 the principle conduction mechanism depends on CBH at all temperature range [10] [11].
Dielectric Behavior
The dielectric constant characterizes the most important electrical property of the dielectrics. The dielectric constant (or relative permittivity) * ε of a dielectric material placed in the AC electric field is a complex quantity because the orientation polarization lags behind the polarizing electric field as the frequency of the applied electric field is increased. The complex dielectric constant * ε can be expressed as:
ε ′ is the real dielectric constant which characterizes the energy stored in the dielectricmaterial, whereas the imaginary part ε ′′ represents the energy loss. The values of ε ′ and loss tangent tanδ at room temperature and at 300 Hz were inserted in Table 2 . The plots of the measured ε ′ and tanδ as a function of frequency at room temperature are given in Figure 7 for the samples under investigation. Both ε ′ and tanδ at room temperature) decrease as the frequency increases. It is noticed that there is much decrease in ε ′ and tanδ within the frequency range 0.1 -1 kHz (2 -3 on an x-scale) after that the rate of decreasing becomes smaller as the frequency increases. The decrease in ε ′ and tanδ with increasing frequency indicates the formation of heterogeneous structures with the samples under investigation and this is a normal for a dielectric behavior in magnetic semiconductors [12] . It is clear that tanδ (f) for some samples has a relaxation loss peaks at certain frequencies (samples BA7 and KH7). Such peaks were observed before in many kinds of semiconductors when the hopping frequency of the charge carriers nearly equal to that of the external electric field [13] [14] . The condition of observing dielectric loss peak can be written as 2πf max τ = 1, where τ is the relaxation time (relaxation time has an inverse proportional with hopping probability) and f max is the frequency of applied electric field at maximum frequency (i.e. the peak frequency) [15] . 
Conclusions
1) Electrical DC and AC measurements and dielectric investigations have been carried out on some PlioQaternary basalt of Hemat Madam volcano from Sana'a-Amran volcanic field (SAVF).
2) The temperature dependence of the DC resistivity reveals the high resistive semiconductor behavior for the samples.
3) The measurement of AC conductivity as a function of frequency and temperature ensured semiconductivity of the samples. 4) From the AC measurement data, we predicted the conduction mechanism in the samples. At higher temperatures classical barrier hopping of localized charge carriers model CBH was predominate, while at the low temperature region small polarons may contribute to the conduction.
5) The variation of dielectric constant and tanδ with frequency reveals that the samples have low values of both ε ′ and tanδ with behavior similar to magnetic semiconductor materials.
